A 73-year-old man visited our hospital because of pain with swelling and redness on the right foot dorsum. He was diagnosed with liver cirrhosis and nodular hepatic cellular carcinoma. Lower extremity CT scan and MRI showed abscess formation in the right foot dorsum. Gram-negative cocci were recovered from the culture of drained pus at the site and identified as Neisseria skkuensis by 16S rRNA gene sequencing. Here, we report the first case of cellulitis due to N. skkuensis and provide a literature review.
INTRODUCTION
The members of genus Neisseria are Gram negative coccal or rod-shaped bacteria, presenting as single or in pairs [1] . Most members of genus Neisseria have high affinity to mucosal membranes of mammals including humans, so that can cause opportunistic infections. According to "List of prokaryotic names with standing in nomenclature" (http://www.bacterio.cict.fr/n/Neisseria. html), the genus Neisseria consists of 29 species. Of these, N. meningitidis and N. gonorrhoeae are treated as the most important human pathogens.
However, several Neisseria species other than these two species were also reported as human pathogens [2] [3] [4] [5] [6] . In addition to these pathogens, N. skkuensis was designated as a novel species which cause foot ulcer of diabetic patient in 2010 [7] .
Previous reports described N. skkuensis infections in diabetic foot ulcer and endocarditis with underlying disorders such as diabetes and liver cirrhosis, respectively [7] [8] [9] . We report the first case of cellulitis due to N. skkuensis in the patient with liver cirrhosis and hepatic cellular carcinoma who was diagnosed incidentally.
CASE REPORT
A 73-year-old man who was generally healthy visited the Emergency Department at our hospital, due to a week history of pain with swelling, redness, and heat sensation of right foot dorsum area and abnormal findings in liver function tests done at the local clinic. On the arrival, the patient's vital signs were as follows: blood pressure, 118/78 mmHg; pulse rate, 82 pulses/min; respiratory rate, 16 breaths/min; and body temperature, CHB/E kits (bioMérieux, Marcy-l'Étoile, France). As a result, we could identify the isolate as N. skkuensis. A phylogenetic tree was constructed with the neighbor-joining method by using Molecular Evolutionary Genetics Analysis (MEGA) software version 5.05 (Fig. 1 ).
Antimicrobial susceptibility test was performed using diskdiffusion method. The isolate was susceptible to benzylpenicillin, ampicillin, cefotaxime, ceftriaxone, levofloxacin, tetracycline, and trimethoprim/sulfamethoxazole according to Clinical and Laboratory Standards Institute guidelines for testing N. gonorrhoeae and N. meningitidis [11] .
The patient was treated with intravenous ampicillin-sulbactam 750 mg four times a day for 13 days. On the eighth day of hospital admission, the follow-up culture of pus revealed no This strain
Abbreviations: ＋, positive; −, negative; V, variable; ND, not determined.
growth, so the incision site was closed with sutures. On the thirteenth day of hospital admission, the administration of intravenous ampicillin-sulbactam was stopped, and the treatment was started with oral amoxicillin-clavulanate 625 mg three times a day. The patient was recovered well, discharged and followed up through the out-patient clinic.
DISCUSSION
N. skkuensis, a novel species of Neisseria genus, was first described in 2010 [7] . In the first report, this organism was isolated from blood and pus from the foot ulcer of the diabetic patient. Then the second report, which was the first case of N.
skkuensis infection in liver cirrhosis, N. skkuensis was isolated from blood of the patient with liver cirrhosis due to chronic hepatitis B infection and chronic kidney disease caused by glomerulonephritis [8] . In that case, the patient received mitral valve replacement due to infective endocarditis caused by methicillin-resistant Staphylococcus aureus more than 1 year ago, but the patient was diagnosed as prosthetic valve endocarditis due to N. skkuensis which was identified by the molecular methods. In clinical point of view, previous studies showed that N. skkuensis would be an important pathogen in immunocompromised patients. Our patient had liver cirrhosis and hepatic cellular carcinoma, similar with the case of Park et al. [8] which had liver cirrhosis and chronic kidney disease, other than diabetes mellitus. It is certain that this novel species is an important opportunistic pathogen in patients with underlying diseases such as diabetes mellitus and liver cirrhosis.
This species was first identified as Oligella urethralis by Vitek 2 NH card with phenotypic characteristics of oxidase and catalase positivity and negative for glucose assimilation. Like our case, the case of N. skkuensis from the foot of diabetic patient was first identified as O. urethralis using Vitek 2 NH card also [9] . Since O. urethralis has been isolated mainly from the urinary tract, the identification was needed to confirm with molecular method. Then we further identified the detailed characteristics of N. skkuensis with API NE and API 50 CHB/E kit (bioMérieux). The assimilation of glucose tested in API NE was negative in our strain whereas positive in Lee et al. [7] . However, the production of acid from ribose, glucose, fructose, mannitol, sucrose and gluconate was same as in the previous report [7] ( Table 1) . Although some of the biochemical characteristics of our strain are contrary to the previous reports, these might be the variability of this species. Further studies are carefully needed to collect the data of N. skkuensis since there are only two published reports and our case.
In conclusion, we described the first case of cellulitis due to N. skkuensis in hepatic cellular carcinoma and liver cirrhosis, but could be the second case of infection by N. skkuensis in liver cirrhosis, identified by 16S rRNA sequence analysis. Furthermore, it would be important that when Neisseria species was cultured from pathological site such as wound or blood of immunocompromised patients, we should consider that organism as a pathogen, rather than a contaminant. Then, we should identify the organism by molecular method such as gene sequencing in accompany with biochemical analysis.
